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(54) A diagnostic system and method for a motor vehicle 



(57) A diagnostic system for a motor vehicle com- 
prises a component such as a radiator (16) installed 
within motor vehicle, an identifier device (39) mechani- 
cally coupled to the component (16) which comprises 
an identifying portion (46) which identifies the compo- 



nent (16) and a sensor (48) which senses the physical 
environment in which the identifier device (39) is locat- 
ed. A diagnostic method is also disclosed which in- 
cludes confirming using data provided by the sensor 
(48) that the identifier device (39) is properly coupled to 
the component (16). 
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Description 

[0001] The present invention relates to diagnostic 
systems and methods for motor vehicles. 
[0002] In the motor vehicle field, it is known that inter- 5 
changeable parts are often used, wherein different var- 
iants of a component may have the same mounting pro- 
visions. While this of course has advantages in terms of 
cost efficiency, it can also raise an issue. Specifically, 
where one variant of a part has certain unique function- 10 
ality not shared by its like-mounted brethren, installing 
the incorrect part may have adverse consequences on 
one or more functions of the vehicle. 
[0003] This can be an issue in the case of vehicle 
components which play a role in improving air quality. *5 
For example, radiator assemblies for motor vehicles, 
where the radiator assembly is coated with a catalytic 
material for converting environmentally harmful sub- 
stances in ambient air during the utilization of the motor 
vehicle, are well known. The purpose of this catalytic 20 
coating is to utilize the vehicle for improving the envi- 
ronment by cleaning ambient air. Such a coated radiator 
assembly is likely to have the same mounting provisions 
as similar radiator assemblies which are not coated and 
therefore do not have the property of converting the en- 25 
vironmentally-harmful substances in ambient air. This is 
because not all jurisdictions in which a vehicle is sold 
may require such property, or because some (but not 
necessarily all) jurisdictions may give exhaust emission 
"credits" for vehicles with such property. Because a 30 
coated radiator will, naturally, cost more than an uncoat- 
ed one, vehicles built with uncoated radiators will likely 
be sold in some jurisdictions. Further, uncoated radia- 
tors will certainly be made available for aftermarket in- 
stallation as spare parts in such jurisdictions. 35 
[0004] Where a jurisdiction requires an air-cleaning 
radiator or gives emission "credits" for such a radiator, 
the jurisdiction is also likely to require that a diagnostic 
function be provided to assure that the coated radiator, 
as opposed to an uncoated radiator without the air- <o 
cleaning function, is installed on the vehicle. Assuring 
with a very high degree of probability that the proper ra- 
diator is installed on the vehicle can be very challenging. 
[0005] It is an object of the present invention to pro- 
vide a diagnostic system and method which can reliably *5 
detect whether a proper component is installed in a mo- 
tor vehicle. 

[0006] According to a first aspect of the invention 
there is provided a diagnostic system for a motor vehicle 
characterised in that the system comprises a compo- so 
nent installed within the motor vehicle, an identifier de- 
vice mechanically coupled to the component having an 
identifying portion which identifies the component and 
a sensor which senses the physical environment in 
which the identifier device is located. 55 
[0007] The component may have an air-quality-im- 
provement function during functioning of the motor ve- 
hicle. 



[0008] The component may be a radiator of the motor 
vehicle which is coated with a catalytic coating to con- 
vert harmful substances in ambient air passing through 
the radiator. 

[0009] The system may further comprise a diagnostic 
device operatively coupled to the identifying portion to 
confirm that the identifying portion correctly corre- 
sponds to the component. 

[0010] The diagnostic device may be operatively cou- 
pled to the sensor and the diagnostic device may pro- 
vide an indication of a malfunction if the sensor exhibits 
behaviour which is inconsistent with the location in 
which the identifier device is intended to be coupled. 
[0011] Preferably, the sensor may be a temperature 
sensor. 

[0012] The inconsistent behaviour may be a lack of a 
signal shift from a temperature sensor used to provide 
a signal indicative of coolant flow beginning in the radi- 
ator. 

[0013] The component may be a radiator and the in- 
consistent behaviour may be a lack of proper corre- 
spondence between a coolant temperature measured 
by a coolant temperature sensor located outside the ra- 
diator and a temperature of coolant flowing in the radi- 
ator as sensed by a temperature sensor used to sense 
the physical environment in which the identifier device 
is located. 

[0014] The identification device may be coupled by a 
communication channel to an electronic control unit. 
[0015] The electronic control unit may be operable as 
a diagnostic device. 

[0016] According to a second aspect of the invention 
there is provided a diagnostic method for a motor vehicle 
characterised in that the method comprises mounting a 
component within the motor vehicle, mechanically cou- 
pling an identifier device to the component, the identifier 
device comprising an identifying portion which identifies 
the component and the identifier device also including 
a sensor and confirming, using the data provided by the 
identifying portion, that the identifying portion correctly 
corresponds to the component and confirming, using 
the data provided by the sensor, that the identifier device 
is properly coupled to the component. 
[0017] The sensor may be a temperature sensor. 
[0018] Preferably, the component may have an air- 
quality-improvement function during functioning of the 
motor vehicle. 

[0019] The component may be a radiator of the motor 
vehicle which is coated with a catalytic coating to con- 
vert harmful substances in ambient air. 
[0020] The step of confirming that the identifier device 
is properly coupled to the component may further com- 
prise confirming that the sensor exhibits behaviour prop- 
er for the location in which the identifying device is in- 
tended to be coupled. 

[0021 ] The component may be a radiator and the step 
of confirming that the sensor exhibits behaviour proper 
for the location in which the identifying device is intend- 
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ed to be coupled may further comprise the step of mon- 
itoring a temperature sensor for a signal shift character- 
istic of coolant flow beginning in the radiator. 
[0022] Alternatively, the component may be a radiator 
and the step of confirming that the sensor exhibits be- 
haviour proper for the location in which the identifying 
device is intended to be coupled may further comprise 
the step of monitoring a temperature sensor for corre- 
spondence between a coolant temperature measured 
by an engine coolant temperature sensor located out- 
side the radiator and a temperature of coolant flowing 
in the radiator as sensed by the temperature sensor. 
[0023] Diagnostic systems and methods according to 
the present invention are highly advantageous in that 
they allow, with high reliability, detection that a proper 
component is installed in a motor vehicle. 
[0024] The invention will now be described by way of 
example with reference to the accompanying drawing 
of which:- 

Figure 1 is a schematic drawing of an engine 10 and 
associated cooling system and control components 
according to one embodiment of the present inven- 
tion; 

Figure 2 illustrates a radiator 16 and identifying de- 
vice 39 of Figure 1 ; 

Figure 3 illustrates with greater detail the identifying 
device 39 and its interconnection with an ECU 42; 
and 

Figure 4 is a graph including the temperature sig- 
nature near the inlet 36 of radiator 1 6 when thermo- 
stat 20 opens to allow coolant flow into radiator 16. 

[0025] Referring to Figure 1 , a schematic of an engine 
10 for a motor vehicle in accordance with a preferred 
embodiment of the present invention is illustrated. In this 
embodiment, engine 10 is a conventional combustion 
engine. A cooling circuit 12 is fitted to the engine 10. 
[0026] The cooling circuit 1 2 is of a conventional type 
and comprises cooling channels 14, a radiator 16, a 
coolant pump 18, and a thermostat valve 20. The cool- 
ing channels 14 are connected to cooling channels (not 
shown) in the engine 10. 

[0027] The radiator 16 which is a liquid to air heat ex- 
changer transfers heat from the coolant passing there- 
through to the environment. The coolant pump 18 
pumps the coolant in the cooling circuit 12. The thermo- 
stat valve 20 opens and closes the flow of the coolant 
through the radiator 16, allowing the coolant to bypass 
radiator 16 into a parallel channel if the coolant temper- 
ature is below a predetermined threshold which is typi- 
cally 90°C in many engines. 

[0028] Referring now additionally to Figure 2, the ra- 
diator 16 further comprises a main section 30, from 
which the heat in the coolant is expelled to the environ- 



ment. Main section 30 typically comprises parallel flat- 
tened metal tubes through which the coolant flows, me- 
chanically coupled with metal fins to enhance the 
amount of heat which is expelled from the coolant to the 
5 environment. Representative portions of such tubes and 
fins are depicted with reference number 31 in Figure 2. 
The radiator 16 also includes an inlet tank 32 and an 
outlet tank 34, each of which is affixed to an end of main 
section 30. 

10 [0029] The inlet tank 32 and the outlet tank 34 are 
each preferably moulded of plastic and the inlet tank 32 
includes coolant inlet 36, into which coolant flows from 
cooling circuit 12 and outlet tank 34 includes coolant out- 
let 38 out of which coolant flows back into cooling circuit 

15 12 after having flowed through main section 30 to reject 
or expel heat. 

[0030] The coolant channels in main section 30 of ra- 
diator 16 are at least partially coated with a catalytic ma- 
terial, a practice which is well-known in the art. The cat- 

20 alytic material is designed to convert an environmental- 
ly-harmful substance into one or more substances 
which are non-harmful to the environment, aided in this 
function by the heat of the coolant flowing in main sec- 
tion 30 of radiator 16. Examples of environmentally 

25 harmful substances which may be so converted include 
particles, ozone, carbon monoxide, nitrous oxide, VOC, 
HC, MMCC, NO x , S0 2 and methane. Radiator 16 thus 
has a function to improve air quality. (The term "improve 
air quality" applies also in this application to components 

30 which have a role in reducing exhaust emissions from 
the vehicle.) 

[0031] Coupled to radiator 30, preferably by molding 
into plastic inlet tank 32 near inlet 36, is an identification 
device 39 which will be described further below. Identi- 

35 fication device 39 is coupled by a communication chan- 
nel, preferably a serial data bus 40, to an electronic con- 
trol unit (ECU) 42. Rather than a data bus, appropriate 
numbers of conductors or wires can be used as well. 
[0032] In this embodiment of the present invention, 

40 ECU 42 is included in the engine control system for en- 
gine 10 and performs the numerous engine control func- 
tions performed by engine controllers. ECU 42 is there- 
fore coupled to numerous sensors and actuators asso- 
ciated with engine 10 via busses and/or conductors 44. 

45 As discussed above, ECU 42 is also communicatively 
coupled to identification device 39 and performs a diag- 
nostic function related to determining whether the cata- 
lytically-coated radiator 16 is installed in the vehicle. 
Due to the ready availability of data networks in modern 

50 vehicles, the diagnostic function can also be performed 
by another module than the engine controller or distrib- 
uted among a number of controllers which together form 
a virtual diagnostic "device", with data readily shared via 
data networks on the vehicle. 

55 [0033] Refer now additionally to Figure 3. Identifica- 
tion device 39 preferably includes two functional sec- 
tions which are permanently coupled within identifica- 
tion device 39. 
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[0034] The first section 46 is an identifier which iden- 
tifies radiator 16 as a radiator which is catatytically coat- 
ed, as opposed to one which is interchangeable in the 
vehicle, but which is not catalytically coated. Second 
section 48 is a sensor which senses whether identifica- 
tion device 39 is actually installed in its appointed loca- 
tion (that is in this case, near inlet 36 to inlet tank 32). 
Preferably, this sensor is a sensor which senses the 
physical environment in the immediate vicinity of iden- 
tification device 39. More preferably, second section 48 
is a temperature sensor and yet more preferably a tem- 
perature sensor of the simple thermistor type, well- 
known in the art to be very reliable. 
[0035] The functions of first section 46 and second 
section 48 of identification device 39 can, of course, be 
realized in several ways. In this embodiment of the 
present invention, first section 46 and second section 
48 are realized within an integrated circuit which in- 
cludes low-speed serial data capability with bus 40. 
Preferably, this integrated circuit is a so-called local-in- 
terface network (LIN) chip, which is an integrated circuit 
having low-speed serial data communication capability 
and relatively low cost. 

[0036] In practice, ECU 42 periodically interrogates 
identification device 39 via bus 40 to ask whether radi- 
ator 16 is a catalytically-coated radiator. Identification 
device 39 (via first portion 46) will in turn answer this 
question by responding with the unique identification 
code assigned to catalytically-coated radiators. If iden- 
tification device 39 does not reply to the interrogation 
with the appropriate answer, ECU 42 will conclude that 
the radiator in the vehicle is not a catalytically-coated 
radiator. ECU 42 will then take appropriate action, such 
as setting a malfunction code in its internal memory and/ 
or lighting a malfunction indicator lamp 52. 
[0037] However, ECU 42 receiving a correct answer 
to its interrogation does not necessarily assure the ra- 
diator is a catalytically-coated radiator. Because non- 
coated radiators are significantly less costly than coated 
radiators, and because non-coated radiators will be 
available as replacement parts intended for jurisdictions 
where coated radiators are not required and/or do not 
receive emission "credits", there will be a significant in- 
centive for creative measures to "trick" ECU 42 into 
thinking that an uncoated radiator which has been in- 
stalled as a repair part is in fact a catalytically-coated 
one. One such creative measure could be to acquire an 
identification device 39 which has not been mounted in- 
to a radiator 16, or one which has been removed from 
a catalytically-coated radiator 16, and simply plug it into 
the connector intended for connection of identification 
device 39. In such case, without additional counter- 
measures, ECU 42 would interrogate the identification 
device 39, which would in turn respond that a coated 
radiator is installed in the vehicle (when in fact a non- 
coated radiator has been installed). 
[0038] Second section 48 of identification device 39 
prevents this level of "cheating". The second section 48 



senses the temperature in the immediate vicinity of iden- 
tification device 39. It has been observed by the inven- 
tors that at the inlet to radiator 16, the temperature ex- 
hibits a very characteristic signature when thermostat 

5 20 opens and allows cool ant to flow into radiator 16. This 
signature is illustrated in Figure 4. As illustrated there, 
the temperature at the inlet to the radiator 16 makes a 
very substantial jump from a temperature approximately 
that of the engine compartment of the vehicle (approxi- 

10 mately 40° C in Figure 4) to approximately 90°C (the 
temperature at which thermostat 20 is designed to open) 
in a short time, approximately four seconds in the test 
plot shown in Figure 4. ECU 42 can interrogate identifi- 
cation device 39 on a periodic basis and watch for this 

*5 characteristic jump in temperature. If the characteristic 
jump is not seen during a number of warming-up events 
of the vehicle, ECU 42 will conclude that a catalytically- 
coated radiator 16 is not in fact installed in the vehicle. 
ECU 42 will then take appropriate measures to indicate 

20 this fault, including setting a malfunction code in its in- 
ternal memory and/or lighting malfunction indicator 
lamp 52. 

[0039] It can also be seen from Figure 4 that the tem- 
perature near inlet 36 to radiator 16 will closely corre- 

25 spond to the engine coolant temperature after the char- 
acteristic jump mentioned in the foregoing paragraph 
occurs, and thereafter until coolant ceases to flow in ra- 
diator 16. This relationship (that is, the close corre- 
spondence of temperatures between the engine coolant 

30 and the inlet to the radiator after coolant begins to flow 
in the radiator) can also be used as a way to sense 
whether identification device 39 is actually properly-in- 
stalled in the radiator 16. The engine coolant tempera- 
ture is readily available in that it is already sensed out- 

35 side radiator 16, typically within engine 10, for various 
engine control purposes. A coolant temperature sensor 
53 is shown schematically in Figure 1. 
[0040] Because first section 46 and second section 
48 are realized on a common integrated circuit which is 

40 mounted on a substrate or circuit board, they can be said 
to be "permanently" coupled together and "permanent- 
ly" coupled within identification device 39. "Permanent" 
coupling in this context means that such coupling cannot 
practically be undone and the respective components 

45 still function properly. It is desirable for first section 46 
and second section 48 to each be permanently coupled 
within identification device 39 to minimize chances of 
"cheating". Such "permanent" coupling can also be at- 
tained, for example, by first section 46 and second sec- 

50 tion 48 being located on a common substrate, though 
not necessarily integrated into the same integrated cir- 
cuit. 

[0041] Therefore in summary the present invention 
provides a diagnostic system for a motor vehicle which 
55 comprises a component installed within motor vehicle. 
The system further includes an identifier device me- 
chanically coupled to the component. The identifier de- 
vice comprises an identifying portion which identifies the 
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component, and the identifier device also comprises a 
sensor which senses the physical environment in which 
the identifier device is located. A diagnostic method for 
a motor vehicle is also provided comprising mounting a 
component within the motor vehicle, mechanically cou- 5 
pling an identifier device to the component, the identifier 
device comprising an identifying portion which identifies 
the component and the identifier device also including 
a sensor. The method also comprises confirming, with 
data provided by the identifying portion, that the identi- io 
fying portion correctly corresponds to the component. 
Further, the method includes confirming, with data pro- 
vided by the sensor, that the identifier device is properly 
coupled to the component. 

[0042] Although the invention has been described 15 
with respect to a radiator for cooling engine coolant it 
will be appreciated that it could be readily used for other 
heat exchangers commonly used on motor vehicles. 
[0043] It will be appreciated by those skilled in the art 
that the invention is not limited to the above-described 20 
embodiments and that various modifications or alterna- 
tives could be used without departing from the scope of 
the invention. 



Claims 

1 . A diagnostic system for a motor vehicle character- 
ised in that the system comprises a component 
(16) installed within the motor vehicle, an identifier 30 
device (39) mechanically coupled to the component 
(16) having an identifying portion (46) which identi- 
fies the component (16) and a sensor (48) which 
senses the physical environment in which the iden- 
tifier device (39) is located. 35 

2. A diagnostic system as claimed in Claim 1 wherein 
the component (16) has an air-quality-improvement 
function during functioning of the motor vehicle. 

40 

3. A diagnostic system as claimed in Claim 1 or in 2 
wherein the component is a radiator (1 6) of the mo- 
tor vehicle which is coated with a catalytic coating 
to convert harmful substances in ambient air pass- 
ing through the radiator (16). 45 

4. A diagnostic system as claimed in any of Claims 1 
to 3 wherein the system further comprises a diag- 
nostic device (42) operatively coupled to the identi- 
fying portion (46) to confirm that the identifying por- 50 
tion (46) correctly corresponds to the component 
(16). 

5. A diagnostic system as claimed in Claim 4 wherein 

the diagnostic device (42) is operatively coupled to 55 
the sensor (48) and the diagnostic device (42) pro- 
vides an indication of a malfunction if the sensor 
(48) exhibits behaviour which is inconsistent with 



the location in which the identifier device (39) is in- 
tended to be coupled. 

6. A diagnostic system as claimed in Claim 5 wherein 
the inconsistent behaviour is a lack of a signal shift 
from a temperature sensor (48) used to provide a 
signal indicative of coolant flow beginning in a radi- 
ator (16). 

7. A diagnostic system as claimed in Claim 5 wherein 
the component is a radiator (16) and the inconsist- 
ent behaviour is a lack of proper correspondence 
between a coolant temperature measured by a 
coolant temperature sensor (53) located outside the 
radiator (16) and a temperature of coolant flowing 
in the radiator (1 6) as sensed by a temperature sen- 
sor (48) used to sense the physical environment in 
which the identifier device (39) is located. 

8. A diagnostic method for a motor vehicle character- 
ised in that the method comprises mounting a com- 
ponent (16) within the motor vehicle, mechanically 
coupling an identifier device (39) to the component 
(16), the identifier device (39) comprising an iden- 
tifying portion (46) which identifies the component 
(16) and the identifier device (39) also including a 
sensor (48) and confirming, using the data provided 
by the identifying portion (46), that the identifying 
portion (46) correctly corresponds to the compo- 
nent (16) and confirming, using the data provided 
by the sensor (48), that the identifier device (39) is 
properly coupled to the component (16). 

9. A diagnostic method as claimed in Claim 8 wherein 
the step of confirming that the identifier device (39) 
is properly coupled to the component (16) further 
comprises confirming that the sensor (48) exhibits 
behaviour proper for the location in which the iden- 
tifying device (39) is intended to be coupled. 

10. A diagnostic method as claimed in Claim 9 wherein 
the component is a radiator (1 6) and the step of con- 
firming that the sensor (48) exhibits behaviour prop- 
er for the location in which the identifying device 
(39) is intended to be coupled further comprises the 
step of monitoring a temperature sensor (48) for a 
signal shift characteristic of coolant flow beginning 
in the radiator (16). 

11. A diagnostic method as claimed in Claim 9 wherein 
the component is a radiator (16) and the step of con- 
firming that the sensor (48) exhibits behaviour prop- 
er for the location in which the identifying device 
(39) is intended to be coupled further comprises the 
step of monitoring a temperature sensor (48) for 
correspondence between a coolant temperature 
measured by an engine coolant temperature sensor 
(53) located outside the radiator and a temperature 
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of coolant flowing in the radiator (16) as sensed by 
the temperature sensor (48). 
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